In the pion decay channel of a neutrino factory the particles are transported in a solenoidal magnetic field, a 1.8 T constant field in the CERN reference scenario. Increasing the field strength decreases the transverse emittance of the decay muons. To define a lower limit on the achievable emittance, the reference scenario is compared with a study case where pions decay in a field of 20 T. This simulation shows that in any realistic scenario the emittance will only be reduced by less than 21¡ in each transverse plane as compared to the reference scenario, and at the expense of an increase in longitudinal emittance.
. The following 31 m decay channel has a radius of 30 cm and a constant field of 1.8 T. The computer code ICOOL [2] was used to track the pions and muons from the end of the target to the end of the decay channel. Muon decay was switched off in these simulations.
2
Emittance Increase during the Decay Section and the Study Case When pions decay to muons the transverse and longitudinal emittance increases. The amount of transverse emittance increase depends on the focusing of the channel. The effect of the additional divergence due to decay on the transverse emittance is smaller for bigger initial divergence of the pions and therefore higher
. The aim of this simulation is to define the achievable minimum transverse muon emittance. There are a number of other influences on the emittance. During a drift (or propagation in a constant longitudinal B-field) the longitudinal rms emittance increases due to weak relativistic effects. The longitudinal emittance of a highly divergent relativistic beam increases during drift (or propagation) because of the dependence of d , the relativistic gamma factor, on the transverse velocity, e . The tapered solenoid transforms transverse momentum into longitudinal momentum, ideally without increasing the 6D emittance.
To quantify the correlation between the muon emittance and the B-field in the decay channel, an extreme scenario is chosen for comparison with the reference scenario. The pions decay in a long 20 T solenoid field, and tapering of the field from 20 to 1.8 T takes place 30 m after the target, rather than in the first 2 m. All realistic decay channel designs will have a lower magnetic field, hence this channel defines a lower limit for the achievable transverse muon emittance.
Results and Discussion
The transverse and longitudinal phase space of muons at the end of the decay channel is shown in figure 1 . On the left is the reference scenario and the 20 T decay channel is on the right. Transversally an acceptance of 2.27 by a factor of 4 in both planes, [5, 6] .) Longitudinally, muons with a § h A in the range of 175 to 390 MeV/c are shown. Indicated is a cut on a time interval of 11.4 ns, half an RF period of 44 MHz (corresponding to the RF of the phase rotation and first muon cooling section [5, 6] ). for a decay channel at 1.8 T and
for a decay channel at 20 T. 
4
Conclusions Rms emittances and the number of muons in a given acceptance (longitudinal acceptance of the first cooling section and 4 times the transverse acceptance of the recirculating linac) have been compared for the reference cooling channel and an extreme scenario. Higher B-fields decrease the transverse and increase the longitudinal emittance. In any realistic scenario (with a B-field less than 20 T) the transverse emittance will be decreased by less than 21p in each plane as compared to the reference scenario. The final choice of C A will depend on the performance and acceptance of the following elements for cooling and acceleration. The number of muons in a given acceptance is higher for the lower value of C " A , but further simulations are necessary to determine the position of the maximum.
